Background: Metabolic syndrome (MS) is a cluster of proatherogenic risk factors (RF) (abdominal obesity, atherogenic dyslipidemia, impaired fasting glucose or type 2 diabetes mellitus, higher blood pressure or antihypertensive therapy) that move patients into a higher risk for development of cardiovascular disease (CVD) and type 2 diabetes. The preclinical (subclinical) target organ diseases (SOD) are early signs of atherosclerosis. An increased aortic stiffness characterised by an increased pulse wave velocity in aorta (PWV Ao) is one of SOD. The aim of the present study was to assess the impact of metabolic syndrome (MS) on aortic wall stiffness and the risk profi le in premenopausal women. Methods: The aortic stiffness was measured using Arteriograph-Tensiomed, based on oscillometric measurement and analysis of the shape of brachial pulse wave, giving the PWV Ao. The results of measurements characterise a global aortic stiffness. Results: We examined 81 premenopausal women (without history of CVD). The MS (according to the 2009 "harmonizing" defi nition) was present in 31 women (mean age 41.5 y), in the control group, there were 50 women (39 y). The most frequent components of MS were abdominal obesity (93 % vs 42%), arterial hypertension (68 % vs 10 %) and dyslipidemia (29 % vs 8 %). The PWV Ao was signifi cantly higher in women with MS (9.26 m/s) compared to the control group (7.44 m/s).
Cardiovascular diseases (CVD) are the most common diseases of twentieth and twenty-fi rst centuries. Among the risk factors (RF) that accelerate the progression of atherosclerotic lesions in blood vessels belong abdominal obesity (AO), dyslipidaemia (DLP), arterial hypertension (AH) and impaired glucose metabolism. Metabolic syndrome (MS) is a cluster of selected RF. Its prevalence in the population increases continually. We can frequently fi nd MS also in younger age groups and even in children (1, 2) . MS thus contributes signifi cantly to cardiovascular morbidity and mortality. According to the MS defi nition, three out of fi ve criteria must be present; they are defi ned either by NCEP ATP III (The National Cholesterol Education Programme, Expert Adult Treatment Panel III, 2001) or IDF (International Diabetes Federation, 2005 ). The year 2009 brought the so called "harmonizing defi nition of MS", which refl ects the agreement of several professional societies (3) . AO as an essential component in the older IDF defi nition was now included as a criterion equivalent to the other parameters, and a consensus in some other values was accepted. It also re-evaluated the level of fasting plasma glucose, with more strict criteria accepted according to the IDF defi nition of MS. Criteria for the lipid profi le remained unchanged (Tab. 1).
In the context of MS, there is an alarming increase in the prevalence of obesity in populations throughout the world (4). Galajda et al in the project " The prevalence of diabetes mellitus in Slovakia", organized by Slovak Diabetes Society found a signifi cantly higher prevalence of MS in women (23.9 %) compared to men (15.9 %) in the population studied (1517 respondents) using the NCEP ATP III criteria. The acceptance of strict IDF criteria increased the overall prevalence of MS in 38.1 % with no statistically signifi cant difference between genders (5). The Slovak project NEMESYS (NEw MEtabolic SYndrom in Slovakia), with 10 300 participants showed that MS has a higher prevalence in Three or more of the following fi ve risk factors: 1. Increased waist circumference in men ≥102 cm, women ≥88 cm 2. Elevated TAG ≥1.7 mmol/l (or hypolipidemic therapy) 3. Reduced HDL in man <1.03 mmol/l, woman <1. women (52 %) compared to men (42 %) with a statistically signifi cant difference. The prevalence of MS was increasing with age and by almost each age decade women had a higher prevalence of MS compared to men (6) . The presence of MS puts people into a higher risk for development of CVD.
Obesity as an independent RF affects women`s health in every stage of their life. The distribution of health hazards arising from the presence of MS signifi cantly depends on the age though we can fi nd different complications in postmenopausal women comparing to women in reproductive age where we assume the protective effect of their hormonal profi le on the cardiovascular risk (CVR).
Because of an asymptomatic course, MS runs long-term unrecognised and untreated, the evolution of early atherosclerotic changes initiated by MS can be missed (7) . Commonly available clinical and laboratory investigation methods facilitate the diagnosis of MS. Consequently, all RF discovered in an individual person should be treated simultaneously to minimize the risk and to eliminate the potential for progression of preclinical changes progressing into a clinical disease.
Manifest disease is typically preceded by slow-paced development of preclinical -subclinical changes (subclinical or target organ disease, SOD, TOD) of the cardiovascular system (CVS). Detection of subclinical disease puts patients into a higher CVR unlike the presence of RF only. It is therefore necessary to examine the patients at a higher risk and search for organ changes namely in the heart, great vessels, kidneys, brain and eye retina (8) . The presence of SOD indicates the morphological changes of the CVS in the asymptomatic stage. There is an evidence that they are found more frequently in patients with MS compared to those without MS (9, 10).
An increased vessel wall stiffness quantifi ed by aortic pulse wave velocity (PWV Ao) is classifi ed as a preclinical arterial disease. This independent marker of an increased CVR is associated with the structural and functional de-arrangement of the vascular wall (and consequently hemodynamics) and is used as an important parameter for total CVR estimation (11) .
The aim of the present study was to assess the impact of MS on aortic wall stiffness and the risk profi le in premenopausal women.
Patients and methods
The group studied consisted of women who underwent a regular preventive examination. After a prior explanation of the purpose of this study as an extended preventive examination they have signed a consent form agreeing to be taking part in this project. A prerequisite for inclusion was premenopausal age with regular menstrual cycle preserved. The group consisted of 81 women. We have done a basic clinical examination with detailed history focused on cardiovascular RF and concomitant therapy. The standard anthropometric and blood pressure (BP) measurements were done, too.
The aortic stiffness was examined noninvasively with the Arteriograph-Tensiomed, based on oscillometric principle detecting the pulsations of brachial artery by cuff, followed by measurement and analysis of the shape of brachial pulse wave, calculating the aortic pulse wave velocity value (PWV Ao) and some other parameters of haemodynamics (BP, pulse pressure, mean arterial pressure, ejection time, return time and pressure augmentation indices). This equipment determines the global aortic stiffness and also allows the estimation of the central systolic BP of the person (12) .
The MS was defi ned according to the criteria of the so called "harmonizing" defi nition. MS was present in 31 women, in the control group, there were 50 women.
Statistical analysis was performed using the SPSS software. For the comparison, nonparametric tests were used because the numerical values were not normally distributed. Numerical variables were tested by the Mann Whitney test. For the comparison of the values represented by 1 = presence of the phenomenon and 0 = absence, we used contingency tables and the Fishers exact test or Chi-squared test. A confi dence interval (CI) was calculated, too. The signifi cance between the variables was considered when the p-values were below 0.05 (p<0.05).
Results
The mean age of women with MS was 41.7 years, the mean age in the group without MS was 39 years, no signifi cance was found (p0.08).
The mean value of PWV Ao in patients with MS was 9.26 m/s in comparison to 7.44 m/s in those without MS; the difference was statistically signifi cant (p0.01) (Tab. 2).
The three most frequent RF, always in higher occurrence in the group with MS, were AO (93 % vs 42 %), AH (68 % vs 10 %) and DLP (29 % vs 8 %). The type 2 diabetes mellitus (DM2) (present in 4 patients) occurred only in the group with MS (Tab. 3). As for the treatment of hypertension, monotherapy with ACE inhibitors was dominant, beta blockers were frequently used in combina- tion. Four patients received statins, 2 patients had fi brates. In the treatment of DM2, biguanides dominated. Abdominal obesity has been determined by a waist circumference. The average waist size (105 cm) for women with MS was higher compared to the control group (89 cm). In the current classifi cation of obesity using BMI, women without MS were overweighed (average BMI=26.5 kg/m²) and women with MS belonged to class I obesity (average BMI=32.3 kg/m²). Signifi cant difference was found in the average values of weight, and systolic and diastolic BP (p0.01) (Tab. 4).
Discussion
The association of MS with a higher occurrence of TOD is still a current topic. A relationship of hypertension and the presence of SOD is very well known (13, 14, 15) . Studies that investigated the effect of sex on subclinical ongoing atherosclerotic process in arteries showed that women with MS have a slightly higher incidence of SOD in comparison to men (16, 17) .
Distensibility of arterial wall is gradually decreasing with age (18), smoking (19) and the infl uence of other RF. Measurement of arterial pulse wave velocity in patients with MS may be helpful in identifying those at high risk for subclinical atherosclerosis (20) . In women with MS, we found an increased vessel wall stiffness, the average age difference between the groups was not statistically signifi cant, although the average age for women with MS was about 2.5 years higher. Our results showed that MS affects PWV Ao even in younger age groups; our sample consisted of relatively young women in reproductive age. These fi ndings are consistent with the results of Ferreira et al. who found an increased artery stiffness in young women with MS (average age 23 years). Signifi cance of MS in men was not evaluated (21) . It would be interesting to do a prospective study monitoring the stiffness of the aorta in time intervals after improving risk profi le and hemodynamics by pharmacological and nonpharmacological interventions.
We found a high incidence of AO and hypertension among patients with MS which suggested that an increased waist circumference was associated with the AH. Abdominal obesity induced risk of developing AH was about 37 % in women and approximately 27 % in men (22) . A similar relationship between RF studied was reported in the observational epidemiological study in Brazil (23) .
Based on the analysis of the weight parameters (AO, weight, BMI) in both groups, taking the mean age into account, we can conclude that women in reproductive age have a higher body weight than is considered to be optimal. The prevalence of AH and MS increases with age and hypertensive patients have a higher incidence of MS compared to the general population (24, 25) .
Conclusion
An increased occurrence of MS in population is tightly connected with an increasing prevalence of overweight and obesity (mainly the abdominal one). Cardiometabolic RF clustered in MS have negative infl uence on arterial elasticity. Our group of relatively young women with MS in a fertile age had a higher PWV Ao (9.26 m/s) in comparison to (7.44 m/s) the control group, which gave the evidence that MS increases aortic stiffness in women in fertile age despite assumed protective effect hormonal profi le. Which component of MS is likely to have the strongest infl uence, remains to be established. Tab. 4. Characteristic of group according to waist circumference, weight, BMI and blood pressure.
